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INTRODUCTION
Two of sixteen recently operating RBMK reactors are located in Lithuania, at
Ignalina Nuclear Power Plant (NPP). The Ignalina NPP was designed by the Soviet
engineers to be the first of the RBMK-1500 type power plant. The first unit of
Ignalina NPP was commissioned in December 1983, and the second unit in
August 1987. Following the accident at the Chernobyl NPP in April 1986, several
actions have been engaged by RBMK specialists in order to increase safety of the
Ignalina NPP reactors. Among other actions, investigation and safety assessment
of such reactor type using best estimate thermal-hydraulic computer codes is
being implemented. Among other computer codes, French code CATHARE is
also applied for RBMK reactor calculations. In this paper results of such
application for Ignalina NPP reactor (RBMK-1500 type) main circulation circuit are
presented. Three transients calculations were performed: all main circulation
pumps (MCP) trip, trip of one main circulation pump and trip of one main
circulation pump without a closure of check valve on the pump line. Calculation
results were compared to data from the Ignalina NPP, where all these transients
were recorded in the years 1986,1996 and 1998.

IGNALINA NPP MAIN CIRCULATION CIRCUIT
RBMK type reactor is a boiling water reactor (BWR), although it has some unique
features in comparison to boiling water reactors of Western design. Each fuel
assembly in RBMK reactor is located in an individual, separately cooled fuel
channel. Water boils in those fuel channels and the mixture of water and steam
flows through numerous pipelines to the drum separators (Fig. 1). The volume of
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RBMK reactor core is considerably larger than the core volume of the BWR.
RBMK type reactors use graphite to moderate fast fission neutrons. Due to this
reason large amount of graphite is present in the reactor core. Fuel used in the
RBMK reactor is slightly enriched (up to 2.4%) uranium dioxide. The fuel
enrichment is uniform along the length of fuel rod.

FIGURE 1: One loop of the RBMK
main circulation circuit. 1- drum
separators, 2 - downcomers, 3-suction
header, 4 - suction piping of MCP, 5 -
MCP tanks, 6- pressure piping of MCP,
7 - bypass between headers, 8-
pressure header, 9-group distribution
header, 10-water piping, 11-channel to
core, 12-fuel channel, 13-channel above
the core, 14-steam-water pipes, 15 -
steam pipelines

The reactor main circulation system is divided into two independent loops cooling
the same core. The coolant circulation system components of one loop are
presented on Fig.1. Starting from the suction header (3) the coolant is supplied to
the pressure header (8) through four pipelines. The main circulation pumps (6) are
connected to these pipelines. Under normal conditions three main circulation
pumps are operating, one is standing by.
The pressure header (8) distributes the coolant to about 20 group distribution
headers (9), and each of the headers distributes coolant to about 40 fuel channels
(11).
The coolant is partially vaporized in the fuel channels and arrives into two drum
separators (1) through steam-water pipelines (14). In the drums separators steam
is separated from the mixture and supplied to the turbines. The rest of the water is
supplied back to the reactor core. The feed water is also injected into the drum
separators. (Almenas, 1998).

CATHARE MODEL
The French thermal-hydraulic code CATHARE is developed at CEA-Grenoble by
EDF, FRAMATOME, and IPSN. The CATHARE code was initially intended for
design basis accident analysis and for the best-estimate simulation of French
pressurized water reactors (Barre, Bestion, 1995).



The developed RBMK-1500 model for the CATHARE2 V1.3L code consists of
the core, the main circulation circuit and part of the steam piping with a valve
system. The model also includes steam outputs and feed water inlets
(Jasiulevicius, 2000). Each main component and pipelines of reference reactor
circuit are modeled as CATHARE modules. These modules are connected to
each other using junctions, to comprise the full circulation system (Farvacque,
1992).

Figure 2. CATHARE nodalization of RBMK-1500 main circulation circuit.

The CATHARE model of RBMK main circulation circuit is presented in Figure 2.
The circuit consists of two independent circulation loops. The loops interconnect
only in steam section, i.e. at the part above drum separators. This part in the
CATHARE model was modeled as one volume element, which volume is equal to
total volume of steam piping of the RBMK-1500. All relevant components, such as
valves and steam outlets to turbines are connected to this volume element.

As shown on the Fig. 2, in the CATHARE model only 5 fuel channels were
simulated instead of 1661 in the real power plant. To optimize the calculation, the
large number of identical equipment in the reference NPP was reduced by
weighting and combining of the elements. Additionally, some assumptions were
taken into account in order to simplify the reactor main circulation circuit elements.
In the RBMK reactors 95% of the thermal power in the core is produced in the fuel
and 5% in the graphite. The power of fuel channels in the model was averaged
and assumed to be the same for all modeled fuel channels. In reality power in
RBMK reactor fuel channels is different, depending on the position of the fuel
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channel in the core and coolant flow rate. In this model core neutronics is not taken
into account.

Initially, steady state calculations were performed before implementing the
transient conditions. For the initial steady state, thermal power was set to 4650
MW for the first transient, 3400 MWth for the second transient and 3700 MWth for
the third transient. These values refer to the operating situation at the Ignalina NPP
before occurrence of the corresponding transient.

DESCRIPTION OF TRANSIENTS

1s t Transient
In March 1986 all main circulation pumps (MCP) of the reactor of the Unit 1 at
Ignalina NPP were tripped simultaneously. At the beginning of the transient, the
system was operating at normal operation mode of 4650 MW thermal output. After
the trip of main circulation pumps core scram signal was generated and scram
rods were inserted into reactor during next 7 seconds. Power produced in the
core decreased mostly during the first 30 seconds and later on followed the decay
heat law.

The steam output to turbines during the first 20-30 seconds was reduced to about
10% of the initial value. As specified by the Ignalina NPP staff, coast down period
for the steam supply for the local consumers was about 300 seconds. Feed water
flow rate continuously decreased and was stopped at 93 seconds after the pump
trip for one loop and at 234 seconds after the pump trip for the other loop.

For the first 50-60 seconds after the pump trip, the coolant was circulating through
the core due to inertia of pumps. Afterwards, coolant flow rate in the core was
established at the rate of 20 % of initial coolant flow (Fig. 3). The main circulation
pumps were restarted about 1000 seconds after the main circulation pump trip.
The bypass between suction and pressure headers (Fig. 1) was closed during the
transient (Uspuras, Kaliatka, 1995).

2nd Transient
This event took place in the Ignalina NPP in the year 1996 (Kaliatka, 1999). The
reactor was operating at thermal power of 3400 MW. Before the event all six main
circulation pumps were in operation. Then one of the bus bars, which supply
power to the main circulation pumps failed, and one pump was tripped.
Emergency signal was generated by core control and protection system and
reactor power was reduced to 2700 MWth. After about 7 seconds flow rate
through affected pump decreased to zero and control valve on this branch was
closed, in order to avoid flow in the opposite direction.
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3rd Transient
This transient was similar to above described transient. It took place in the Ignaiina
NPP in the year 1998. Before the transient reactor was operating at 3700 MWth
power. Flow rate through each circulation loop of the reactor was about 21000
m3/hour. All six MCP were in operation. During the operation one of the MCP was
accidentally switched off. Automatic reactor protection system started control rod
insertion in order to reduce reactor power. Power was reduced to 1900 MWth.

Under normal circumstances, after the trip of a pump, a check valve on the
affected line should close to assure that no flow in the opposite direction could
occur. Minimal flow rates during the transient through affected loop decreased as
low as 13400 rrfVhour. But the sum flow rate through two operating pumps at the
same loop was recorded to be equal to 20700 m3/hour. This led reactor operators
to the conclusion that the check valve on the tripped pump line did not close. Due
to this fact there was still flow through the stopped pump (Uspuras, 1998).
Afterwards the throttling control valve on this pump line was closed manually. This
happened after about 90 seconds from the beginning of the transient. After about
220 seconds from the transient beginning operators fully opened throttling control
valves on other MCP in order to have a higher flow rate through the affected loop
of the reactor.

RESULTS FOR TRANSIENT CALCULATIONS

|St-1 Transient
Starting from the steady state value of 4.6 kg/s the calculated flow rate in the fuel
channels stabilized at about 15 % of the initial value after 200 seconds (Fig. 3).
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FIGURE 3: Flow rate in fuel channel.
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When compared to the NPP flow rate values, similar behavior can be observed.
The reactor core was sufficiently cooled during the whole transient by the means of
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FIGURE 4: Pressure in the drums separators.

natural circulation, even though the bypass between suction and pressure headers
was closed.

The calculated pressures in the drum separators are presented in Fig. 4 along
with the reference NPP data. CATHARE predictions of pressure behavior agree
with data from the NPP.

2nd Transient
CATHARE model results for this transient are presented in Fig. 5 and Fig. 6.

After the pump trip on the affected reactor loop (Fig. 5) only two out of three main
circulation pumps continued to operate. The loss of flow through the tripped pump
was partially compensated by increase of the flow rate through the operating
pumps of the loop. The flow through those pumps had increased up to 9500m3/h
(initial flow rate was about 8000 m /h).
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• INPP: affected loop (tripped MCP)
O INPP: intact loop
A INPP: affected loop (operating MCP)
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FIGURE 5: Flow rate through main circulation pumps

Flow rate through pumps on the intact side of the reactor remained almost
unchanged. Comparison of the sum flow rates through main circulation pumps in
both reactor loops showed, that total flow rate through reactor in the affected loop
had decreased from 24000 rrf/h down to 19000 nf/h (Fig. 6). But even this
reduced flow rate was sufficient to ensure reactor cooling when reactor was
operating at the power of 2700 MWth.

The calculation results were also benchmarked against results obtained by our
colleagues from Lithuanian Energy Institute Laboratory of Nuclear Instalation
Safety (Dr. Kaliatka and Dr. Uspuras) who had perform similar calculations before
using RELAP 5 and ATHLETE codes. Results of all calculations are very close to
each other and also are in good agreement with plant data (Figs. 5-8).
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FIGURE 6: Sum flow rate through reactor

Analysis of other parameters (pressures, temperatures at different parts of the
main circulation circuit of the reactor) obtained during CATHARE calculations has
proved, that all relevant parameters were in range of reactor safety margins.

3rd Transient
Figure 7 presents comparison between sums of flow rates through MCC of each
loop. Due to the flow to opposite direction on the line of stopped pump, sum flow
rate for the affected loop (loop A) is much lower, although in reality (and in
CATHARE calculations as well) the actual flow through two remaining working
pumps had increased from about 8000 m3/h to almost 10000 m3/h.

As the rate of change of valve flow area during manual closure of the valve was not
available from the NPP, I was assumed during the modeling that the manual
closing of the valve started around 40 seconds after the beginning of the transient.
After 90 seconds since the transient started the valve was fully closed. In addition,
in order to increase flow rate through reactor, throttling regulating valves on
operating MCP were fully opened. This was done after 220 seconds from the
beginning of the transient. This action could be seen in Fig. 7: after the full opening
of the throttling valves the flow rate through operating pumps increased by about
6%.
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Figure 7. Coolant sum flow rate through MCP. RELAP 5 calculation performed by
Lithuanian Energy Institute staff.

Figure 7 shows that the CATHARE model predicts lower flow rates through MCP
during first phase of the transient compare to RELAP 5 calculations performed by
the staff of Lithuanian Energy Institute.
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Figure 8. Flow rate through one fuel channel. RELAP 5 calculations were
performed by the Lithuanian Energy Institute staff.

As during the modeling it was assumed that flow rate through all fuel channels is
the same (averaged), it was not possible to perform a detailed analysis of the flow
rate behavior in separate fuel channels. In the NPP, during operational conditions,
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the flow rate in channels may differ, depending on the position of the channel in the
core.

However, a comparison was done (Fig. 8) between CATHARE calculated results
of the averaged flow through a channel and flow rate data from the Ignalina NPP
for a channel with a similar initial flow rate. The CATHARE calculated average flow
rate during first 40 seconds of the transient dropped by approximately 40% (from
21.3 to 13.4 m3/h). When the throttling regulating valve on the affected pump line
begin to close, flow rate started to steadily increase during all transient period.
The CATHARE predicted trend of the flow rate behavior agrees with the reference
data.

CONCLUSIONS
Three RBMK-1500 transient processes were investigated. The modeling of all
three transient was performed using virtually the same CATHARE input deck only
varying initial power level, according to steady state conditions before each of the
transient. CATHARE calculation results for all cases investigated were in good
agreement with reference NPP data.

The presented studies prove the capability of the CATHARE code to treat
thermal-hydraulic transients with a reactor scram in the RBMK, in case of single or
multiple pump trips. However, the presented model needs further improvements in
order to simulate loss of coolant accidents. For this reason, emergency core
cooling system should be included in the model. Additional model improvement is
also needed in order to gain more independent pressure behavior in both loops.
Also, flow rates through the reactor channels should be modeled by dividing
channels into several groups, referring to channel power (in RBMK power
produced in a channel, located in different parts of the core is not the same).

The point-neutron kinetic model of the CATHARE code is not suitable to predict
transients when the reactor is operating at a nominal power level. Such transients
would require the use of 3D-neutron kinetics model to describe properly the strong
space-time effect on the power distribution in the reactor core. Thus further
development of full RBMK reactor model could be carried out in three steps. First,
to generate a neutron cross-section library for RBMK reactor core using one of
lattice neutron cross section codes, e.g. HELIOS. Second step would be to use
the calculated neutron cross sections with the core 3-D neutronics code (e.g.
CORETRAN or similar) in order to evaluate the reactor core neutronic behavior,
for example power distribution. And the third step would be to couple the core
neutronics model with the best-estimate thermal hydraulic code like CATHARE.
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